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establishing an electrical connection between the system and
the primary-secondary pole-mounted breaker; establishing a
communication connection between the system and the
primary-secondary pole-mounted breaker; applying, by the
system, a voltage signal and a current signal to the primary-
secondary pole-mounted breaker through the electrical con-
nection, to generate a voltage and a current on the primary-
secondary pole-mounted breaker; collecting, by the system,
signals of the voltage and the current fed back from the
primary-secondary pole-mounted breaker through the com-
munication connection; performing, by the system, an inte-
grated accuracy test and an integrated protection test; out-
putting a test result of the accuracy test and a test result of
the integrated protection test to the industrial control
machine, to generate the test report. A blind zone 1n quality
control of primary-secondary pole-mounted breakers 1is
climinated. Efficiency 1s improved 1n testing primary-sec-
ondary pole-mounted breakers.
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SYSTEM AND METHOD FOR INTEGRATED
TEST ON PRIMARY-SECONDARY

POLE-MOUNTED BREAKER

This application claims the prionity to Chinese Patent

Application No. 201910496542.5, titled “METHOD FOR
INTEGRATED TEST ON PRIMARY-SECONDARY
POLE-MOUNTED BREAKER”, filed on Jun. 10, 2019
with the China National Intellectual Property Administra-
tion, Chinese Patent Application No. 2019104969939, titled
“METHOD FOR INTEGRATED TEST ON PRIMARY-
SECONDARY POLE-MOUNTED BREAKER”, filed on
Jun. 10, 2019 with the China National Intellectual Property
Administration, and Chinese Patent Application No.
201910613823 .8, titled “METHOD FOR CLOSED-LOOP
TEST ON PRIMARY-SECONDARY POLE-MOUNTED
BREAKER?”, filed on Jul. 9, 2019 with the China National
Intellectual Property Administration, the contents of which
are 1ncorporated herein by reference.

FIELD

The present disclosure relates to the technical field of
power devices, and particularly, to a system and a method
for an integrated test on a primary-secondary pole-mounted

breaker.

BACKGROUND

Traditional pole-mounted breakers and distribution termi-
nals in a power distribution network of a medium voltage
(such as a 10 kV distribution network 1n a power system) are
independently designed and manufactured, and indepen-
dently tested and installed on-site by different manufactur-
ers, resulting 1n a low matching degree and poor reliability.
A large quantity of primary-secondary pole-mounted break-
ers 1s introduced into power grids with development of
primary-secondary fusion technology 1n distribution
devices. Integrated tests are necessary when assembling
such devices with existing pole-mounted breakers, distribu-
tion terminals, transformers, primary connection cables, and
secondary connection cables, so as to ensure completeness
of functions and performances of the primary-secondary
pole-mounted breakers. In conventional technology, meth-
ods for integrated tests on pole-mounted breakers are far
from perfection, resulting 1 much work in testing the
pole-mounted breakers. Hence, integrated accuracy tests and
integrated protection tests are not fully utilized, resulting 1n
a poor test eflect.

Moreover, traditional pole-mounted breakers and distri-
bution terminals are separately designed and installed,
resulting 1 problems in interface standardization, device
integration, equipment miniaturization, and test normaliza-
tion, and further resulting in a low matching degree and poor
reliability. No test method 1s proposed for controlling quality
of the primary-secondary pole-mounted breakers, though a
large quantity of primary-secondary pole-mounted breakers
1s mtroduced into power grids. Hence, there 1s a blind zone
in quality control of the primary-secondary pole-mounted
breakers.

In addition, as the primary-secondary pole-mounted
breakers are introduced imto power grids 1 a large scale,
characteristics 1n a steady state and a transient state are
difficult to be maintained for a primary side, a secondary
side, and an 1ntegration of the two, 1n conventional tests with
deficient 1n capabilities. Further, 1t 1s necessary to test the
primary side, the secondary side, and the integration sepa-
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2

rately 1n the conventional tests, resulting 1n a bottleneck of
low ethciency. Lacking a method for closed-loop test in
quality control of the primary-secondary pole-mounted
breakers results 1n no guarantee on penetration and a cov-
erage rate of the primary-secondary pole-mounted breakers.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic structural diagram of a system for
an 1integrated test on a primary-secondary pole-mounted

breaker.

FIG. 2 1s another schematic structural diagram of a system
for an integrated test on a primary-secondary pole-mounted

breaker.

SUMMARY

An objective of the present disclosure 1s to provide a
system and a method for an integrated test on a primary-
secondary pole-mounted breaker. A technical 1ssue of lack-
ing an ellective test means 1 conventional technology 1s
cllectively addressed, and a blind zone 1n quality control of
primary-secondary pole-mounted breakers 1s eliminated,
penetration and test efliciency are improved for primary-
secondary pole-mounted breakers.

In order to address the above technical 1ssues, a system for
an integrated test on a primary-secondary pole-mounted
breaker 1s provided according to embodiments of the present
disclosure, including: an industrial control machine, a
booster, a high-current generator, a standard voltage trans-
former, a standard current transformer, a standard trans-
former calibrator, and a standard electricity-meter calibrator.

The industrial control machine 1s configured to: set a
preset parameter and a preset sequence of states; collect data
from a standard transformer calibrator, a standard electric-
ity-meter calibrator, and a distribution terminal of the pri-
mary-secondary pole-mounted breaker, and analyze the data
to generate a test report.

The booster 1s configured to amplily a secondary voltage
to acquire a primary voltage.

The high-current generator 1s configured to amplity a
secondary current to acquire a primary current.

The standard voltage transtformer 1s configured to convert
the primary voltage into a voltage signal to facilitate mea-
surement.

The standard current transformer 1s configured to convert
the secondary current into a current signal to {facilitate
measurement.

The standard transformer calibrator includes a primary-
side standard transformer calibrator. The primary-side stan-
dard transformer calibrator 1s configured to collect a voltage
signal and a current signal that are outputted to a primary
side of the primary-secondary pole-mounted breaker.

The standard electricity-meter calibrator 1s configured to
collect a reference power signal, and calculate a power error
based on a signal of electric power collected by the distri-
bution terminal of the primary-secondary pole-mounted
breaker.

A method for an integrated test on a primary-secondary
pole-mounted breaker 1s further provided according to
embodiments of the present disclosure. The method 1is
applied to the aforementioned system, and includes follow-
ing steps S1 to S4.

In step S1, an electrical connection 1s established between
the system and the primary-secondary pole-mounted

breaker.
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In step S2, a communication connection 1s established
between the system and the primary-secondary pole-
mounted breaker.

In step S3, the system performs following operations. The
system applies a voltage signal and a current signal to the
primary-secondary pole-mounted breaker through the elec-
trical connection, to generate a voltage and a current on the
primary-secondary pole-mounted breaker. The system col-
lects signals of the voltage and the current fed back from the
primary-secondary pole-mounted breaker through the com-
munication connection. The system performs an integrated
accuracy test and an integrated protection test.

In step S4, a test result of the accuracy test and a test result
of the integrated protection test are outputted to the mdus-
trial control machine, to generate the test report.

In one embodiment, the industrial control machine 1s
turther configured to pre-generate a state of a contact of a
voltage regulator, and restore an open or closing state of the
primary-secondary pole-mounted breaker, where the state of
the contact of the voltage regulator corresponding to each
sequence of states.

In one embodiment, the test system establishes the com-
munication connection with a control terminal of primary-
secondary pole-mounted breaker in the step S2 via a serial
port or a network port.

In one embodiment, the primary-secondary pole-mounted
breaker receives the voltage signal and the current signal via
the control terminal.

In one embodiment, the step S3 includes following steps
S31 and S32.

In step S31, the system performs following operations.
The system applies the voltage signal and the current signal
to the primary-secondary pole-mounted breaker through the
clectrical connection, to generate the voltage and the current
on the primary-secondary pole-mounted breaker. The sys-
tem collects the signals of the voltage and the current fed
back from the primary-secondary pole-mounted breaker
through the communication connection. The system per-
forms the integrated accuracy test.

In step S32, the system performs following operations.
The system applies a sequence of states for the current signal
and a sequence of states for the voltage signal to the
primary-secondary pole-mounted breaker through the elec-
trical connection. The system collects a switch action of the
primary-secondary pole-mounted breaker to the industrial
control machine through the communication connection.
The system performs the integrated protection test.

In one embodiment, the step S31 includes following steps
AO1 to AO07, which may be in a sequence as listed.

In step AO1, the industrial control machine presets a load
point. A voltage-loop voltage regulator i1s controlled to
output the secondary voltage via a contact of the voltage-
loop voltage regulator. A current-loop voltage regulator 1s
controlled to output the secondary current via a contact of
the current-loop voltage regulator.

In step A02, the booster amplifies the secondary voltage
to acquire a stable primary voltage. The high-current gen-
erator amplifies the secondary current to acquire the primary
current. The industrial control machine collects a signal of
the primary current through the standard current transformer
and the primary-side standard transformer calibrator. The
industrial control machine compares the signal of the pri-
mary current with the preset load point. The industrial
control machine controls the current loop regulator to cor-
rect the secondary current, to obtain a stable primary current.

In step AO3, the standard voltage transformer and the
standard current transformer converts the primary stable
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voltage and the primary stable current applied to an nput
side of the primary-secondary pole-mounted breaker, into
another secondary voltage and another secondary current.

In step A04, the standard electricity-meter calibrator col-
lects first signals from the another secondary voltage and the
another secondary current, and calculates electric power.

In step AO5, the primary-side standard transformer cali-
brator collects second signals from the another secondary
voltage and the another secondary current.

In step AO06, the industrial control machine obtains
through a communication interface, the first signals, a signal
ol an active power, and the signal of electric power, which
are collected by the distribution terminal of the primary-
secondary pole-mounted breaker.

In step AO7, the industrial control machine obtains
through the communication interface, the second signals
collected by the primary-side standard transformer calibra-
tor.

In one embodiment, the step S32 includes following steps
BO1 to B10, which may be in a sequence as listed.

In step BO1, the industrial control machine ejects, through
a communication interface, a protection plate of a control
terminal of the primary-secondary pole-mounted breaker.

In step BO2, the industrial control machine controls a
contact of a current-loop voltage regulator to pre-output a
sequence ol states for the secondary current, based on the
preset sequence of states.

In step BO3, the high-current generator amplifies the
secondary current to acquire the primary current. The indus-
trial control machine collects a signal of the primary current
through the standard current transformer and the primary-
side standard transformer calibrator. The industrial control
machine compares the primary current with a preset load
point. The industrial control machine controls the current-
loop regulator to correct the secondary current to obtain a
stable primary current.

In step B04, the industrial control machine records a state
of the contact of the current-loop voltage regulator corre-
sponding to each state in the sequence of states for the
secondary current.

In step BO0S, the industrial control machine injects,
through the communication interface, the protection plate of
the control terminal of primary-secondary pole-mounted
breaker.

In step B06, the industrial control machine adjusts and
outputs a sequence of states a secondary voltage and the
sequence of states ol a secondary current sequentially,
according to the state of the contact of the current-loop
voltage regulator corresponding to each state in the sequence
of states for the secondary current.

In step BO7, the booster amplifies the sequence of states
for the secondary voltage to acquire a sequence of states for
the primary voltage. The high-current generator amplifies
the adjusted sequence of states for the secondary current to
acquire a sequence ol states for the primary current.

In step BOS8, the secondary voltage 1s amplified to acquire
the primary voltage.

In step B09, the industrial control machine obtains,
through the electrical interface, a first signal of opening or
closing of the primary-secondary pole-mounted breaker.

In step B10, the industrial control machine obtains,
through the communication interface, a second signal of
opening or closing collected by the distribution terminal of
the primary-secondary pole-mounted breaker. The industrial
control machine controls a state of opening or closing of the
primary-secondary pole-mounted breaker based on the sec-
ond signal of opening or closing.
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In one embodiment, the system further includes a first
power source and a relay protection tester.

The first power source 1s configured to output the sec-
ondary voltage and the secondary current according to the
preset parameter.

The relay protection tester i1s configured to output a
sequence of states for the secondary voltage and a sequence
ol states for the secondary current according to the preset
parameter.

In one embodiment corresponding to the above system,
the step S31 includes following steps CO1 to C10, which
may be 1n a sequence as listed.

In step CO1, the industrial control machine controls the
first power source to output the secondary voltage and the
secondary current based on a preset load point.

In step CO02, a standard electricity-meter in the standard
clectricity-meter calibrator collects a signal of the secondary
current outputted by the first power source.

In step CO3, the primary-side standard transformer cali-
brator collects, through the standard current transformer,
another signal of the second current outputted by the first
power source.

In step C04, the booster amplifies the secondary voltage
outputted by the first power source to acquire the primary
voltage. The high-current generator amplifies the secondary
current outputted by the first power source to acquire the
primary current.

In step CO5, the primary-side standard transtformer cali-
brator collects, through the standard voltage transformer, a
signal of the primary voltage outputted from the booster.

In step CO06, the standard electricity-meter 1n the standard
clectricity-meter calibrator collects, through the standard
voltage transformer, another signal of the primary voltage
outputted from the booster.

In step CO7, an error calculator in the standard electricity-
meter calibrator obtains, through a communication interface,
a signal of electric power collected by the standard electric-
ity-meter, and the signal of electric power collected by the
distribution terminal of the primary-secondary pole-
mounted breaker. The error calculator calculates an error
between the electric powers.

In step CO8, the industrial control machine obtains,
through the communication interface, the signal of the
primary voltage and the another signal of the secondary
current that are collected by the primary-side standard
transformer calibrator.

In step CO09, the industrial control machine obtains,
through the communication interface, the error calculated by
the standard electricity-meter calibrator.

In step C10, the industrial control machine obtains,
through the communication interface, a voltage signal and a
current signal that are collected by the distribution terminal
of the primary and second pole-mounted breaker.

In one embodiment corresponding to the above system,
step S32 1ncludes following steps D01 to D06, which may
be 1n a sequence as listed.

In step DO1, the industrial control machine controls the
relay protection tester to output the sequence of states for the
secondary voltage and the sequence of states for the sec-
ondary current, based on the preset sequence of states.

In step D02, the primary-side standard transformer cali-
brator collects, through the standard current transformer, a
signal of the second current outputted by the first power
source.

In step D03, the booster amplifies the sequence of states
tor the secondary voltage outputted by the relay protection
tester to acquire a sequence of states for the primary voltage.
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The high-current generator amplifies the sequence of states
for the secondary current outputted by the relay protection
tester to acquire a sequence of states for the primary current.

In step D04, the primary-side standard transformer cali-
brator collects, through the standard voltage transformer, a
signal of the primary voltage outputted from the booster.

In step DO5, the industrial control machine obtains,
through a communication interface, the signal of the primary
voltage and the signal of the secondary current that are
collected by the primary-side standard transformer calibra-
tor.

In step D06, the industrial control machine obtains,
through the communication interface, a telecommand signal
collected by the distribution terminal of the primary and
second pole-mounted breaker.

In one embodiment, the system further includes a high-
voltage power source, a low-voltage power source, and a
route-switching apparatus. The standard transformer cali-
brator further includes a secondary-side standard trans-
former calibrator.

The high-voltage power source 1s configured to output the
secondary voltage and the secondary current according to
the preset parameter.

The low-voltage power source 1s configured to output an
clectromagnetic terminal-voltage signal and an electromag-
netic terminal-current signal, or output an electronic termi-
nal-voltage signal and an electronic terminal-current signal,
according to another preset parameter.

The secondary-side standard transformer calibrator 1s
configured to collect a voltage signal and a current signal
that are outputted to a secondary side of the primary-
secondary pole-mounted breaker.

The route-switching apparatus 1s configured to switch a
loop 1n the integrated test. The route-switching apparatus
connects an output of the secondary side of the breaker to the
primary-side standard transformer calibrator, in case of a test
on the primary side. The route-switching apparatus connects
the low-voltage power source to the distribution terminal of
the primary-secondary pole-mounted breaker, in case of a
test on the secondary side. The route-switching apparatus
directly connects an output of the secondary side of the
breaker to an mput of the distribution terminal of the
primary-secondary pole-mounted breaker, in case of a test
on an integration of the primary side and the secondary side.

In one embodiment, the route-switching apparatus 1s
connected to the mdustrial control machine.

In one embodiment corresponding to the above system,
the step S1 includes following steps.

A first electrical connection 1s established between the
system and the primary-secondary pole-mounted breaker. A
second electrical connection 1s established between the
route-switching apparatus of the system and the output of
the secondary side of the primary-secondary pole-mounted
breaker. A third electrical connection 1s established between
the route-switching apparatus of the system and the distri-
bution terminal of the primary-secondary pole-mounted
breaker.

In one embodiment, the voltage signal and the current
signal applied to the primary-secondary pole-mounted
breaker are stable. The integrated accuracy test and the
integrated protection test include an accuracy test on the
primary side, the second side, and the integration of the
primary side and the second side. The step 3 includes
followings steps. The route-switching apparatus connects
the output of the secondary side of the breaker to the
primary-side standard transformer calibrator, in case of the
test on the primary side. The route-switching apparatus
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connects the low-voltage power source to the distribution
terminal of the primary-secondary pole-mounted breaker, in
case of the test on the secondary side. The route-switching
apparatus connects the output of the secondary side of the

breaker directly to the mput of the distribution terminal of 5

the primary-secondary pole-mounted breaker, 1n case of the
test on the integration of the primary side and the secondary
side.

In one embodiment corresponding to the above system,
the step S3 includes following steps EO1 to E22, which may
be 1n a sequence as listed.

In step EOI, the industrial control machine establishes,
through the route-switching apparatus, an electrical connec-
tion between the secondary side of the primary-secondary
pole-mounted breaker and the primary-side standard trans-
former calibrator.

In step EO2, the industrial control machine controls the
high-voltage power source to output the secondary voltage
and the secondary current simultaneously, based on a preset
load point.

In step EO3, the booster amplifies the secondary voltage
outputted by the high-voltage power source to acquire the
primary voltage, and the high-current generator amplifies
the secondary current outputted by the high-voltage power
source to acquire the primary current.

In step EO4, the primary-side standard transformer cali-
brator collects, through the standard voltage transformer, a
signal of the primary voltage outputted by the booster. The
primary-side standard transformer calibrator collects,
through the standard current transformer, a signal of the
primary current outputted by the high-current generator.

In step EO5, the primary-side standard transformer cali-
brator collects signals of the secondary current and the
secondary voltage that are outputted by the breaker.

In step E06, the primary-side standard transformer cali-
brator calculates an error based on the collected signals, and
sends the error as a result to the industrial control machine,
to complete the accuracy test on the primary side.

In step EO7, the industrial control machine establishes an
clectrical connection among the low-voltage power source,
and the secondary-side standard transformer calibrator, and
the distribution terminal of the primary-secondary pole-
mounted breaker.

In step EO8, the industrial control machine controls the
low-voltage power source to output the secondary voltage
and the secondary current simultaneously, based on the
preset load point.

In step EO09, the secondary-side standard transformer
calibrator collects first signals of the secondary current and
the secondary voltage outputted by the low-voltage power
source, and sends the collected first signals of the secondary
current and the secondary voltage to the industrial control
machine.

In step E10, the standard electricity-meter calibrator col-
lects second signals of the secondary current signal and the
secondary voltage signal outputted by the low-voltage pro-
grammable source, and sends another signal of electric
power to the industrial control machine.

In step Ell1, the industrial control machine collects,
through a communication interface to the distribution ter-
minal of the primary-secondary pole-mounted breaker, a
current signal, a voltage signal and the signal of electric
power that are collected by the distribution terminal. The
industrial control machine compares the current signal, the
voltage signal and the signal of the electric power that are
collected by the distribution terminal, with the first signals
sent by the secondary-side standard transformer calibrator
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and the another signal of electric power sent by the standard
clectricity-meter calibrator, to calculate an error and com-
plete the accuracy test on the secondary side.

In step E12, the industrial control machine controls the
low-voltage power source to output the secondary signal and
the secondary current simultaneously, based on a preset
wavelorm.

In step E13, the industrial control machine collects,
through the communication interface, a telecommand si1gnal
outputted by the distribution terminal of the primary-sec-
ondary pole-mounted breaker, to complete a transmission
test on the secondary side.

In step E14, the industrial computer establishes, through
the route-switching apparatus, an electrical connection
between the primary-secondary pole-mounted breaker and
the distribution terminal of the primary-secondary pole-
mounted breaker.

In step E15, the industrial control machine controls the
high-voltage power source to output the secondary voltage
and the secondary current simultaneously, based on another
preset load point.

In step E16, the booster amplifies the secondary voltage
outputted by the high-voltage power source to acquire the
primary voltage, and the high-current generator amplifies
the secondary current outputted by the high-voltage power
source to acquire the primary current.

In step E17, the primary-side standard transtormer cali-
brator collects, through the standard voltage transformer, a
signal of the primary voltage outputted by the booster. The
primary-side standard transformer calibrator collects,
through the standard current transformer, a signal the pri-
mary current outputted by the high-current generator. The
primary-side standard transformer calibrator sends the sig-
nals of the primary voltage and the primary current to the
industrial control machine.

In step E18, the industrial control machine collects,
through the communication interface, the current signal and
the voltage signal collected by the distribution terminal of
the primary-secondary pole-mounted breaker, and calculates
an error to complete the accuracy test on the integration.

In step E19, the industrial control machine controls the
high-voltage power source to output the secondary voltage
and the secondary current simultanecously, based on the
preset wavelorm.

In step E20, the booster amplifies the secondary voltage
outputted by the high-voltage power source to acquire the
primary voltage, and the high-current generator amplifies
the secondary current outputted by the high-voltage power
source to acquire the primary current signal.

In step E21, The industrial computer collects, through the
communication interface, the telecommand signal outputted
by the distribution terminal, to complete a transmission test
on the integration.

In step E22, the industrial control machine outputs the test
report according to a result of the accuracy tests and the
transmission tests, to complete a closed-loop test.

In view of above, technical solutions of the present
disclosure have at least following advantages.

(1) The electrical connection 1s established between the
test system and the mput side of the breaker, and the
communication connection 1s established between the test
system and the control terminal of the breaker. Thereby, 1t 1s
convenient for the test system to perform the integrated
accuracy test and the integrated protection test.

(2) Results of the accuracy test and the integrated pro-
tection test are analyzed, signals are mputted and collected
in the integrated test on the primary-secondary pole-
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mounted breaker, and actions of opening and closing are
automatically performed during the test. The integrated test
of the primary-secondary pole-mounted breaker can be
automatically performed. The integrated accuracy test and
the integrated protection test are achieved on the primary-
secondary pole-mounted breaker, or on an integration of the
primary-secondary pole-mounted breaker, the distribution
terminal, transformers, and primary-secondary connection
cables.

(3) A blind zone i1n quality control of the primary-
secondary pole-mounted breakers 1s eflectively eliminated,
providing a good coverage ol the primary-secondary pole-
mounted breakers. The test system can perform integrated
accuracy and protection tests on voltage, current, and elec-
tric power of the primary-secondary pole-mounted breaker.
The test system can reset opening and closing of the breaker
automatically in the integrated tests, and the automatic
operation saves manpower and improves test efliciency.

(4) The primary-side standard transformer calibrator is
capable to collect 16 channels simultaneously, and the
secondary-side standard transformer calibrator 1s capable to
collect 8 channels simultaneously. Thereby, the accuracy test
can be completed at once on all channels, which 1s time-
saving and ensures similarity between a test condition and a
practical condition. In addition, the route-switching appara-
tus can be switched among tests on the primary side, the
secondary side, and the integration of the primary side and
the secondary side. The closed-loop test on the primary side,
the secondary side and the integration can be without

changing wire connections, which improves a degree of
automation.

DETAILED DESCRIPTION

A system for an integrated test on a primary-secondary
pole-mounted breaker 1s provided according to embodi-
ments of the present disclosure, including: an industrial
control machine, a booster, a high-current generator, a
standard voltage transformer, a standard current transformer,
a standard transformer calibrator, and a standard electricity-
meter calibrator. Reference 1s made to FIG. 1, 1n which solid
arrows 1ndicate electric links such as transmitting voltage
and current, and dashed arrows indicate control links for
data collection and/or transmitting control signals.

The industrial control machine 1s configured to: set a
preset parameter and a preset sequence of states; collect data
from a standard transformer calibrator, a standard electric-
ity-meter calibrator, and a distribution terminal of the pri-
mary-secondary pole-mounted breaker, and analyze the data
to generate a test report.

The booster 1s configured to amplify a secondary voltage
to acquire a primary voltage.

The high-current generator 1s configured to amplily a
secondary current to acquire a primary current.

The standard voltage transformer 1s configured to convert
the primary voltage into a voltage signal to facilitate mea-
surement.

The standard current transformer 1s configured to convert
the secondary current into a current signal to facilitate
measurement. In order to facilitate illustration, the standard
current transformer 1s depicted as two separate blocks 1n
FIG. 1, while there may be only one standard current
transformer 1n practice.

The standard transformer calibrator includes a primary-
side standard transformer calibrator. The primary-side stan-
dard transformer calibrator 1s configured to collect a voltage
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signal and a current signal that are outputted to a primary
side of the primary-secondary pole-mounted breaker.

The standard electricity-meter calibrator 1s configured to
collect a reference power signal, and calculate a power error
based on a signal of electric power collected by the distri-
bution terminal of the primary-secondary pole-mounted
breaker.

In one embodiment, the industrial control machine 1s
turther configured to pre-generate a state of a contact of a
voltage regulator, and restore an open or closing state of the
primary-secondary pole-mounted breaker, where the state of
the contact of the voltage regulator corresponding to each
sequence of states.

A method for an integrated test on a primary-secondary
pole-mounted breaker 1s further provided according to
embodiments of the present disclosure. The method 1is
applied to the aforementioned system, and includes follow-
ing steps S1 to S4.

In step S1, an electrical connection 1s established between
the system and the primary-secondary pole-mounted
breaker.

In step S2, a communication connection 1s established
between the system and the primary-secondary pole-
mounted breaker.

In step S3, the system performs following operations. The
system applies a voltage signal and a current signal to the
primary-secondary pole-mounted breaker through the elec-
trical connection, to generate a voltage and a current on the
primary-secondary pole-mounted breaker. The system col-
lects signals of the voltage and the current fed back from the
primary-secondary pole-mounted breaker through the com-
munication connection. The system performs an integrated
accuracy test and an integrated protection test.

In step S4, a test result of the accuracy test and a test result
of the integrated protection test are outputted to the imndus-
trial control machine, to generate the test report.

In one embodiment, the primary-secondary pole-mounted
breaker receives the voltage signal and the current signal via
a control terminal.

The electrical connection 1s established between the test
system and the input side of the breaker, and the commu-
nication connection i1s established between the test system
and the control terminal of the breaker. Thereby, it 1is
convenient for the test system to perform the integrated
accuracy test and the mtegrated protection test, results of the
accuracy test and the integrated protection test are analyzed,
signals are inputted and collected 1n the integrated test on the
primary-secondary pole-mounted breaker, and actions of
opening and closing are automatically performed during the
test. The integrated test of the primary-secondary pole-
mounted breaker can be automatically performed. The inte-
grated accuracy test and the integrated protection test are
achieved on the primary-secondary pole-mounted breaker,
providing a good coverage ol the primary-secondary pole-
mounted breaker. The test system can reset opening and
closing of the breaker automatically in the integrated tests,
and the automatic operation saves manpower and improves
test efliciency.

In the step S2, the test system establishes the communi-
cation connection with a control terminal of primary-sec-
ondary pole-mounted breaker a serial port. The serial port 1s
quite stable 1 communication, which reduces costs 1n
long-distance communication. Alternatively, the test system
establishes the communication connection with a control
terminal of the primary-secondary pole-mounted breaker via
a network port.

The step S3 may include steps S31 and S32.

-
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In step S31, the system performs following operations.
The system applies the voltage signal and the current signal
to the primary-secondary pole-mounted breaker through the
clectrical connection, to generate the voltage and the current
on the primary-secondary pole-mounted breaker. The sys-
tem collects the signals of the voltage and the current fed
back from the primary-secondary pole-mounted breaker
through the communication connection. The system per-
forms the integrated accuracy test.

In step S32, the system performs following operations.
The system applies a sequence of states for the current signal
and a sequence of states for the voltage signal to the
primary-secondary pole-mounted breaker through the elec-
trical connection. The system collects a switch action of the
primary-secondary pole-mounted breaker to the industrial
control machine through the communication connection.
The system performs the integrated protection test.

The step S31 may include following steps AO1 to AO7.
The steps A01 to AO7 may be 1n a sequence listed as follows.

In step AO1, the industrial control machine presets a load
point. A voltage-loop voltage regulator i1s controlled to
output the secondary voltage via a contact of the voltage-
loop voltage regulator. A current-loop voltage regulator 1s
controlled to output the secondary current via a contact of
the current-loop voltage regulator.

In step A02, the booster amplifies the secondary voltage
to acquire a stable primary voltage. The high-current gen-
erator amplifies the secondary current to acquire the primary
current. The industrial control machine collects a signal of
the primary current through the standard current transformer
and the primary-side standard transformer calibrator. The
industrial control machine compares the signal of the pri-
mary current with the preset load point. The industrial
control machine controls the current loop regulator to cor-
rect the secondary current, to obtain a stable primary current.

In step AO3, the standard voltage transformer and the
standard current transformer converts the primary stable
voltage and the primary stable current applied to an input
side of the primary-secondary pole-mounted breaker, into
another secondary voltage and another secondary current.

In step AO4, the standard electricity-meter calibrator col-
lects first signals from the another secondary voltage and the
another secondary current, and calculates electric power.

In step AO5, the primary-side standard transtformer cali-
brator collects second signals from the another secondary
voltage and the another secondary current.

In step AO06, the industrial control machine obtains
through a communication interface, the first signals, a signal
of an active power, and the signal of electric power, which
are collected by the distribution terminal of the primary-
secondary pole-mounted breaker.

In step AO7, the industrial control machine obtains
through the communication interface, the second signals
collected by the primary-side standard transtormer calibra-
tor.

The step S32 may include the following steps BO1 to B10.
The steps BO1 to B10 may be 1n a sequence listed as follows.

In step BO1, the industrial control machine ejects, through
a communication interface, a protection plate of a control
terminal of the primary-secondary pole-mounted breaker.

In step BO2, the industrial control machine controls a
contact of a current-loop voltage regulator to pre-output a
sequence of states for the secondary current, based on the
preset sequence of states.

In step BO3, the high-current generator amplifies the
secondary current to acquire the primary current. The indus-
trial control machine collects a signal of the primary current
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through the standard current transformer and the primary-
side standard transformer calibrator. The industrial control
machine compares the primary current with a preset load
point. The industrial control machine controls the current-
loop regulator to correct the secondary current to obtain a
stable primary current.

In step B04, the industrial control machine records a state
of the contact of the current-loop voltage regulator corre-
sponding to each state in the sequence of states for the
secondary current.

In step BO5, the industrial control machine injects,
through the communication interface, the protection plate of
the control terminal of primary-secondary pole-mounted
breaker.

In step BO6, the industrial control machine adjusts and
outputs a sequence of states a secondary voltage and the
sequence of states ol a secondary current sequentially,
according to the state of the contact of the current-loop
voltage regulator corresponding to each state 1n the sequence
of states for the secondary current.

In step BO7, the booster amplifies the sequence of states
for the secondary voltage to acquire a sequence of states for
the primary voltage. The high-current generator amplifies
the adjusted sequence of states for the secondary current to
acquire a sequence of states for the primary current.

In step BOS, the secondary voltage 1s amplified to acquire
the primary voltage.

In step B09, the industrial control machine obtains,
through the electrical interface, a first signal of opening or
closing of the primary-secondary pole-mounted breaker.

In step B10, the industrial control machine obtains,
through the communication interface, a second signal of
opening or closing collected by the distribution terminal of
the primary-secondary pole-mounted breaker. The industrial
control machine controls a state of opening or closing of the
primary-secondary pole-mounted breaker based on the sec-
ond signal of opening or closing.

Reference 1s further made to FIG. 1. In one embodiment,
the system further includes a first power source and a relay
protection tester.

The first power source 1s configured to output the sec-
ondary voltage and the secondary current according to the
preset parameter.

The relay protection tester i1s configured to output a
sequence of states for the secondary voltage and a sequence
of states for the secondary current according to the preset
parameter.

In the above embodiment, the electrical connection i1s
established in the step S1 and the communication connection
1s established 1n the step S2. On such basis, the integrated
accuracy test and the integrated protection test can be
performed 1n the step S3. The test system can achieve input
and collection of signals 1n the integrated test on the pri-
mary-secondary pole-mounted breaker, and analyzes the
inputted signal and collected signal. Thereby, the integrated
test on the primary-secondary pole-mounted breaker 1s real-
ized, and the integrated accuracy test and the integrated
protection test on an integration of the pole-mounted
breaker, the distribution terminal, transformers and primary-
secondary connection cables are realized, providing a good
coverage of the primary-secondary pole-mounted breakers.
A blind zone 1n quality control of the primary-secondary
pole-mounted breakers 1s eflectively eliminated. The test
system can perform integrated accuracy and protection tests
on voltage, current, and electric power of the primary-
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secondary pole-mounted breaker with a high degree of
automation, which saves manpower and improves test etli-
ci1ency.

In the step S2, the test system may establish the commu-
nication connection with the control terminal of the primary-
secondary pole-mounted breaker via the serial port or the
network port, which can adapt to different working envi-
ronments and installation requirements with good perfor-
mance in practice. In one embodiment, a current transier
ratio of the high-current generator 1s 1:10, a rated capacity
of the high-current generator 1s 2000 VA, and a precision of
the high-current generator 1s 1n a level 01 0.01 S. A precision
of the standard transformer calibrator 1s in a level of 0.05 for
current and voltage. An error of the standard energy meter
calibrator 1s within £0.5% for in measurement of three-phase
voltage, current, and power. A range of voltage measurement
range 1s from 10V to 500V. A range of current measurement
range 1s from 10 mA to 120 A.

In one embodiment, the step S31 may include following
steps CO1 to C10. The steps CO1 to C10 may in a sequence
listed as follows.

In step CO1, the industrial control machine controls the
first power source to output the secondary voltage and the
secondary current based on a preset load point.

In step CO2, a standard electricity-meter 1n the standard
electricity-meter calibrator collects a signal of the secondary
current outputted by the first power source.

In step CO3, the primary-side standard transtformer cali-
brator collects, through the standard current transiformer,
another signal of the second current outputted by the first
power source.

In step C04, the booster amplifies the secondary voltage
outputted by the first power source to acquire the primary
voltage. The high-current generator amplifies the secondary
current outputted by the first power source to acquire the
primary current.

In step CO3, the primary-side standard transformer cali-
brator collects, through the standard voltage transformer, a
signal of the primary voltage outputted from the booster.

In step CO6, the standard electricity-meter 1n the standard
clectricity-meter calibrator collects, through the standard
voltage transformer, another signal of the primary voltage
outputted from the booster.

In step CO7, an error calculator in the standard electricity-
meter calibrator obtains, through a communication interface,
a signal of electric power collected by the standard electric-
ity-meter, and the signal of electric power collected by the
distribution terminal of the primary-secondary pole-
mounted breaker. The error calculator calculates an error
between the electric powers.

In step CO8, the industrial control machine obtains,
through the communication interface, the signal of the
primary voltage and the another signal of the secondary
current that are collected by the primary-side standard
transformer calibrator.

In step CO09, the industrial control machine obtains,
through the communication interface, the error calculated by
the standard electricity-meter calibrator.

In step C10, the industrial control machine obtains,
through the communication interface, a voltage signal and a
current signal that are collected by the distribution terminal
of the primary and second pole-mounted breaker.

In one embodiment, the step S32 may include following

steps DO1 to DO06. The steps D01 to D06 may be 1 a

sequence listed as follows.
In step DO1, the industrial control machine controls the
relay protection tester to output the sequence of states for the
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secondary voltage and the sequence of states for the sec-
ondary current, based on the preset sequence of states.

In step D02, the primary-side standard transformer cali-
brator collects, through the standard current transformer, a
signal of the second current outputted by the first power
source.

In step D03, the booster amplifies the sequence of states
for the secondary voltage outputted by the relay protection
tester to acquire a sequence of states for the primary voltage.
The high-current generator amplifies the sequence of states
for the secondary current outputted by the relay protection
tester to acquire a sequence of states for the primary current.

In step D04, the primary-side standard transformer cali-
brator collects, through the standard voltage transformer, a
signal of the primary voltage outputted from the booster.

In step D05, the industrial control machine obtains,
through a communication interface, the signal of the primary
voltage and the signal of the secondary current that are
collected by the primary-side standard transformer calibra-
tor.

In step D06, the industrial control machine obtains,
through the communication interface, a telecommand si1gnal
collected by the distribution terminal of the primary and
second pole-mounted breaker.

Reference 1s made to FIG. 2, in which solid arrows
indicate electric links such as transmitting voltage and
current, and dashed arrows indicate control links for data
collection and/or ftransmitting control signals. In one
embodiment, the system further includes a high-voltage
power source, a low-voltage power source, and a route-
switching apparatus, and the standard transformer calibrator
further 1includes a secondary-side standard transformer cali-
brator. Accordingly, a closed-loop test on the primary side,
the secondary side and an integration of the two can be
achieved.

The high-voltage power source 1s configured to output the
secondary voltage and the secondary current according to
the preset parameter.

The low-voltage power source 1s configured to output an
clectromagnetic terminal-voltage signal and an electromag-
netic terminal-current signal, or output an electronic termi-
nal-voltage signal and an electronic terminal-current signal,
according to another preset parameter.

The secondary-side standard transformer calibrator 1s
configured to collect a voltage signal and a current signal
that are outputted to a secondary side of the primary-
secondary pole-mounted breaker.

The route-switching apparatus 1s configured to switch a
loop 1n the integrated test. The route-switching apparatus
connects an output of the secondary side of the breaker to the
primary-side standard transformer calibrator, in case of a test
on the primary side. The route-switching apparatus connects
the low-voltage power source to the distribution terminal of
the primary-secondary pole-mounted breaker, in case of a
test on the secondary side. The route-switching apparatus
directly connects an output of the secondary side of the
breaker to an mput of the distribution terminal of the
primary-secondary pole-mounted breaker, in case of a test
on an integration of the primary side and the secondary side.

In one embodiment, the route-switching apparatus 1s
connected to the mdustrial control machine.

In one embodiment corresponding to the above system,
the step S1 includes following steps. A first electrical con-
nection 1s established between the system and the primary-
secondary pole-mounted breaker. A second electrical con-
nection 1s established between the route-switching apparatus
of the system and the output of the secondary side of the
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primary-secondary pole-mounted breaker. A third electrical
connection 1s established between the route-switching appa-
ratus of the system and the distribution terminal of the
primary-secondary pole-mounted breaker.

In one embodiment, the voltage signal and the current
signal applied to the primary-secondary pole-mounted
breaker are stable. The integrated accuracy test and the
integrated protection test imnclude an accuracy test on the
primary side, the second side, and the integration of the
primary side and the second side.

Corresponding to this embodiment, the step 3 includes
followings steps. The route-switching apparatus connects
the output of the secondary side of the breaker to the
primary-side standard transformer calibrator, 1n case of the
test on the primary side. The route-switching apparatus
connects the low-voltage power source to the distribution
terminal of the primary-secondary pole-mounted breaker, in
case of the test on the secondary side. The route-switching
apparatus connects the output of the secondary side of the
breaker directly to the mput of the distribution terminal of
the primary-secondary pole-mounted breaker, 1n case of the
test on the integration of the primary side and the secondary
side.

The electrical connection 1s established 1n the step S1, the
communication connection 1s established 1n the step S2, the
accuracy tests and the protection tests are performed 1n the
step S3 on the primary side test, the secondary side test and
the 1ntegrat10n of the two, and the test report 1s generated 1n
the step S4 1n the test method. The primary-side standard
transformer calibrator 1s capable to collect 16 channels
simultaneously, and the secondary-side standard transformer
calibrator 1s capable to collect 8 channels simultaneously.
Thereby, the accuracy test can be completed at once on all
channels, which 1s timesaving and ensures similarity
between a test condition and a practical condition. In addi-
tion, the route-switching apparatus can be switched among,
tests on the primary side, the secondary side, and the
integration of the primary side and the secondary side. The
closed-loop test on the primary side, the secondary side and
the integration can be without changmg wire connections. A
degree of automation 1s high, improving test efliciency.

In the step S2, the test system establishes the communi-
cation connection with the control terminal of the primary-
secondary pole-mounted breaker via the serial port or the
network port, which can adapt to different working envi-
ronments and installation requirements with a good perfor-
mance in performance. The route-switching apparatus 1s
connected to the industrial control machine, achieving pre-
cise control of the route-switching apparatus, which 1is
convenient for an operator.

In one embodiment, the step S33 may include following
steps EO1 to E22. The steps EO1 to E22 may be 1n a sequence
listed as follows.

In step EO1, the industnial control machine establishes,
through the route-switching apparatus, an electrical connec-
tion between the secondary side of the primary-secondary
pole-mounted breaker and the primary-side standard trans-
former calibrator.

In step EO2, the industrial control machine controls the
high-voltage power source to output the secondary voltage
and the secondary current simultaneously, based on a preset
load point.

In step EO3, the booster amplifies the secondary voltage
outputted by the high-voltage power source to acquire the
primary voltage, and the high-current generator amplifies
the secondary current outputted by the high-voltage power
source to acquire the primary current.
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In step EO4, the primary-side standard transtormer cali-
brator collects, through the standard voltage transformer, a
signal of the primary voltage outputted by the booster. The
primary-side standard transformer calibrator collects,
through the standard current transformer, a signal of the
primary current outputted by the high-current generator.

In step EOJS, the primary-side standard transformer cali-
brator collects signals of the secondary current and the
secondary voltage that are outputted by the breaker.

In step EO6, the primary-side standard transformer cali-
brator calculates an error based on the collected signals, and
sends the error as a result to the industrial control machine,
to complete the accuracy test on the primary side.

In step EO7/, the industrial control machine establishes an
clectrical connection among the low-voltage power source,
and the secondary-side standard transformer calibrator, and
the distribution terminal of the primary-secondary pole-
mounted breaker.

In step EO8, the industrial control machine controls the
low-voltage power source to output the secondary voltage
and the secondary current simultaneously, based on the
preset load point.

In step EO09, the secondary-side standard transformer
calibrator collects first signals of the secondary current and
the secondary voltage outputted by the low-voltage power
source, and sends the collected first signals of the secondary
current and the secondary voltage to the industrial control
machine.

In step E10, the standard electricity-meter calibrator col-
lects second signals of the secondary current signal and the
secondary voltage signal outputted by the low-voltage pro-
grammable source, and sends another signal of electric
power to the industrial control machine.

In step Ell1, the industrial control machine collects,
through a communication interface to the distribution ter-
minal of the primary-secondary pole-mounted breaker, a
current signal, a voltage signal and the signal of electric
power that are collected by the distribution terminal. The
industrial control machine compares the current signal, the
voltage signal and the signal of the electric power that are
collected by the distribution terminal, with the first signals
sent by the secondary-side standard transformer calibrator
and the another signal of electric power sent by the standard
clectricity-meter calibrator, to calculate an error and com-
plete the accuracy test on the secondary side.

In step E12, the industrial control machine controls the
low-voltage power source to output the secondary signal and
the secondary current simultaneously, based on a preset
wavelorm.

In step E13, the industrial control machine collects,
through the communication interface, a telecommand signal
outputted by the distribution terminal of the primary-sec-
ondary pole-mounted breaker, to complete a transmission
test on the secondary side.

In step E14, the industrial computer establishes, through
the route-switching apparatus, an electrical connection
between the primary-secondary pole-mounted breaker and
the distribution terminal of the primary-secondary pole-
mounted breaker.

In step E15, the industrial control machine controls the
high-voltage power source to output the secondary voltage
and the secondary current simultaneously, based on another
preset load point.

In step E16, the booster amplifies the secondary voltage
outputted by the high-voltage power source to acquire the
primary voltage, and the high-current generator amplifies




US 11,402,457 B2

17

the secondary current outputted by the high-voltage power
source to acquire the primary current.

In step E17/, the primary-side standard transformer cali-
brator collects, through the standard voltage transformer, a
signal of the primary voltage outputted by the booster. The
primary-side standard transformer calibrator collects,
through the standard current transformer, a signal the pri-
mary current outputted by the high-current generator. The
primary-side standard transformer calibrator sends the sig-
nals of the primary voltage and the primary current to the
industrial control machine.

In step E18, the industrial control machine collects,
through the communication interface, the current signal and
the voltage signal collected by the distribution terminal of
the pnnmary-secondary pole-mounted breaker, and calculates
an error to complete the accuracy test on the integration.

In step E19, the industrial control machine controls the
high-voltage power source to output the secondary voltage
and the secondary current simultaneously, based on the
preset wavelorm.

In step E20, the booster amplifies the secondary voltage
outputted by the high-voltage power source to acquire the
primary voltage, and the high-current generator amplifies
the secondary current outputted by the high-voltage power
source to acquire the primary current signal.

In step E21, The industrial computer collects, through the
communication interface, the telecommand signal outputted
by the distribution terminal, to complete a transmission test
on the integration.

In step E22, the industrial control machine outputs the test
report according to a result of the accuracy tests and the
transmission tests, to complete a closed-loop test.

The atorementioned embodiments are only intended to
describe the technical solutions of the present disclosure,
and not to limit the present disclosure. Although the present
disclosure 1s described 1n detail with reference to the above
embodiments, those skilled 1n the art should understand that,
modifications can be made to the technical solutions
recorded 1n the above embodiments, or equivalent replace-
ments can be made to some of the technical features thereof,
and the modifications and the replacements will not make
the corresponding technical solutions deviate from the spirit
and the scope of the technical solutions of the embodiments
of the present disclosure.

The invention claimed 1s:

1. A system for an integrated test on a primary-secondary
pole-mounted breaker, comprising:

a controller, wherein the controller 1s configured to:

collect data, which relates to current, voltage, and
power at a primary side and a secondary side of the
primary-secondary pole-mounted breaker, from a
standard transformer calibrator, a standard electric-
ity-meter calibrator, and a distribution terminal of the
primary-secondary pole-mounted breaker, through
communication with the standard transformer cali-
brator, the standard electricity-meter calibrator, and
the distribution terminal, respectively;

a booster, configured to amplify a secondary voltage to
acquire a primary voltage;

a high-current generator, configured to amplify a second-
ary current to acquire a primary current;

a standard voltage transiformer, configured to convert the
primary voltage into a voltage signal to facilitate mea-
surcment;

a standard current transformer, configured to convert the
secondary current into a current signal to facilitate
measurement;
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the standard transformer calibrator, comprising a primary-
side standard transformer calibrator, wherein the pri-
mary-side standard transformer 1s configured to collect
a voltage signal and a current signal that are outputted
to the primary side of the primary-secondary pole-
mounted breaker; and

the standard electricity-meter calibrator, configured to

collect a reference power signal, and calculate a power
error based on a signal of electric power collected by
the distribution terminal of the primary-secondary
pole-mounted breaker.

2. The system according to claim 1, wherein the controller
1s further configured to:

pre-generate a state of a contact of a voltage regulator,

wherein the state of the contact of the voltage regulator
corresponding to each sequence of states, and

restore an open or closing state of the primary-secondary

pole-mounted breaker.

3. The system according to claim 1, further comprising:

a lirst power source, configured to output the secondary

voltage and the secondary current according to a preset
parameter transmitted from the controller; and

a relay protection tester, configured to output a sequence

of states for the secondary voltage and a sequence of
states for the secondary current according to anther
preset parameter transmitted from the controller.

4. The system according to claim 1, further comprising a
high-voltage power source, a low-voltage power source, and
a route-switching apparatus, wherein:

the standard transformer calibrator further comprises a

secondary-side standard transformer calibrator;
the high-voltage power source, configured to output the
secondary voltage and the secondary current according,
to the preset parameter transmitted from the controller;

the low-voltage power source 1s configured to output an
clectromagnetic terminal-voltage signal and an electro-
magnetic terminal-current signal, or output an elec-
tronic terminal-voltage signal and an electronic termi-
nal-current signal, according to another preset
parameter transmitted from the controller;

the secondary-side standard transformer calibrator 1s con-

figured to collect a voltage signal and a current signal
that are outputted to the secondary side of the primary-
secondary pole-mounted breaker; and

the route-switching apparatus 1s configured to switch a

loop 1n the integrated test, wherein:

the route-switching apparatus connects an output of the
secondary side of the breaker to the primary-side
standard transformer calibrator, in case of a test on
the primary side;

the route-switching apparatus connects the low-voltage
power source to the distribution terminal of the
primary-secondary pole-mounted breaker, in case of
a test on the secondary side; and

the route-switching apparatus directly connects an out-
put of the secondary side of the breaker to an input
of the distribution terminal of the primary-secondary
pole-mounted breaker, 1n case of a test on an inte-
gration of the primary side and the secondary side.

5. The system according to claim 4, wherein the route-
switching apparatus 1s connected to the controller.

6. A method for an integrated test on a primary-secondary
pole-mounted breaker, applied to the system according to
claim 1, comprising:

step S1, establishing an electrical connection between the

system and the primary-secondary pole-mounted

breaker:;
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step S2, establishing a communication connection
between the system and the primary-secondary pole-
mounted breaker:

step S3, comprising:

applying, by the system, a voltage signal and a current
signal to the primary-secondary pole-mounted
breaker through the electrical connection, to generate
a voltage and a current on the primary-secondary
pole-mounted breaker;

collecting, by the system, signals of the voltage and the
current fed back from the primary-secondary pole-
mounted breaker through the communication con-
nection; and

performing, by the system, an integrated accuracy test
and an integrated protection test; and

step S4, outputting a test result of the accuracy test and a

test result of the integrated protection test to the con-
troller.

7. The method according to claim 6, wherein the voltage
and the current 1s applied on the primary-secondary pole-
mounted breaker via a control terminal.

8. The method according to claim 6, wherein the step S3
COmMprises:

step S31, comprising:

applying, by the system, the voltage signal and the
current signal to the primary-secondary pole-
mounted breaker through the electrical connection,
to generate the voltage and the current on the pri-
mary-secondary pole-mounted breaker; and

collecting, by the system, the signals of the voltage and
the current fed back from the primary-secondary
pole-mounted breaker through the communication
connection; and

performing, by the system, the integrated accuracy test;
and

step S32, comprising:

applying, by the system, a sequence of states for the
current signal and a sequence of states for the voltage
signal to the primary-secondary pole-mounted
breaker through the electrical connection; and

collecting, by the system, a switch action of the pri-
mary-secondary pole-mounted breaker to the con-
troller through the communication connection; and

performing, by the system, the integrated protection
test.

9. The method according to claim 8, wherein the step S31
COmMprises:

step AO1: presetting a load point by the controller; con-

trolling a voltage-loop voltage regulator to output the
secondary voltage via a contact of the voltage-loop
voltage regulator; and controlling a current-loop volt-
age regulator to output the secondary current via a
contact of the current-loop voltage regulator;

step A02: amplilying, by the booster, the secondary

voltage to acquire a primary voltage; amplifying, by the
high-current generator, the secondary current to acquire
the primary current; collecting, by the controller, a
signal of the primary current through the standard
current transformer and the primary-side standard
transformer calibrator; comparing, by the controller,
the signal of the primary current with the preset load
point; and controlling, by the controller, the current
loop regulator to correct the secondary current, to
obtain a stable primary current;

step A03, converting, by the standard voltage transformer

and the standard current transformer, the primary volt-
age and the primary stable current applied to an 1nput
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side of the primary-secondary pole-mounted breaker
into another secondary voltage and another secondary
current,
step A04: collecting, by the standard electricity-meter
calibrator, first signals from the another secondary
voltage and the another secondary current; and calcu-
lating electric power by the standard electricity-meter
calibrator;
step AO3, collecting, by the primary-side standard trans-
former calibrator, second signals from the another
secondary voltage and the another secondary current;
step A06, obtaining, by the controller through a commu-
nication interface, the first signals, a signal of an active
power, and the signal of electric power, which are
collected by the distribution terminal of the primary-
secondary pole-mounted breaker; and
step AO7, obtaining, by the controller through the com-
munication iterface, the second signals collected by
the primary-side standard transformer calibrator.
10. The integrated detection method according to claim 8,
wherein, step S32 comprises:
step BO1, ejecting, by the controller through a commu-
nication interface, a protection plate of a control ter-
minal of the primary-secondary pole-mounted breaker:;
step B0O2, controlling, by the controller, a contact of a
current-loop voltage regulator to pre-output a sequence
of states for the secondary current, based on the preset
sequence ol states;
step BO3: amplifying, by the high-current generator, the
secondary current to acquire the primary current; col-
lecting, by the controller, a signal of the primary current
through the standard current transformer and the pri-
mary-side standard transformer calibrator; comparing,
by the controller, the primary current with a preset load
point; and controlling, by the controller, the current-
loop regulator to correct the secondary current to obtain
a stable primary current;
step B0O4, recording, by the controller, a state of the
contact of the current-loop voltage regulator corre-
sponding to each state 1n the sequence of states for the
secondary current;
step BOS, mnjecting, by the controller through the com-
munication interface, the protection plate of the control
terminal of primary-secondary pole-mounted breaker;
step B06, adjusting and outputting, by the controller, a
sequence ol states a secondary voltage and the
sequence of states of a secondary current sequentially,
according to the state of the contact of the current-loop
voltage regulator corresponding to each state in the
sequence of states for the secondary current;
step BO/7, amplitying, by the booster, the sequence of
states for the secondary voltage to acquire a sequence
of states for the primary voltage; and amplifying, by the
high-current generator, the adjusted sequence of states
for the secondary current to acquire a sequence of states
for the primary current;
step BO8, amplitying the secondary voltage to acquire the
primary voltage;
step B09, obtaining, by the controller through the elec-
trical interface, a first signal of opening or closing of
the primary-secondary pole-mounted breaker; and
step B10: obtaining, by the controller through the com-
munication interface, a second signal of opening or
closing collected by the distribution terminal of the
primary-secondary pole-mounted breaker; and control-
ling a state of opening or closing of the primary-
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secondary pole-mounted breaker based on the second
signal of opening or closing.

11. A method for an integrated test on a primary-second-
ary pole-mounted breaker, applied to the system according
to claam 3, comprising:

step S1, establishing an electrical connection between the

system and the primary-secondary pole-mounted
breaker;

step S2, establishing a communication connection

between the system and the primary-secondary pole-
mounted breaker:

step S3, comprising:

applying, by the system, a voltage signal and a current
signal to the primary-secondary pole-mounted
breaker through the electrical connection, to generate
a voltage and a current on the primary-secondary
pole-mounted breaker; and

collecting, by the system, signals of the voltage and the
current fed back from the primary-secondary pole-
mounted breaker through the communication con-
nection; and

performing, by the system, an integrated accuracy test
and an integrated protection test; and

step S4, outputting a test result of the accuracy test and a

test result of the integrated protection test to the con-
troller.

12. The method according to claim 11, wherein the step
S3 comprises:

step S31, comprising:

applying, by the system, the voltage signal and the
current signal to the primary-secondary pole-
mounted breaker through the electrical connection,
to generate the voltage and the current on the pri-
mary-secondary pole-mounted breaker; and

collecting, by the system, signals of the voltage and the
current fed back from the primary-secondary pole-
mounted breaker through the communication con-
nection; and

performing the integrated accuracy test; and

step S32, comprising:

applying, by the system, a sequence of states for the
current signal and a sequence of states for the voltage
signal to the primary-secondary pole-mounted
breaker through the electrical connection; and

collecting, by the system, a switch action of the pri-
mary-secondary pole-mounted breaker to the con-
troller through the communication connection; and
performing the integrated protection test.
13. The integrated detection method according to claim
12, wherein the step S31 comprises:
step CO1, controlling, by the controller, the first power
source to output the secondary voltage and the second-
ary current based on a preset load point;
step CO02, collecting, by a standard electricity-meter in the
standard electricity-meter calibrator, a signal of the
secondary current outputted by the first power source;
step CO03, collecting, by the primary-side standard trans-
former calibrator through the standard current trans-
former, another signal of the secondary current output-
ted by the first power source;
step CO4: amplifying, by the booster, the secondary
voltage outputted by the first power source to acquire
the primary voltage; and amplitying, by the high-
current generator, the secondary current outputted by
the first power source to acquire the primary current;
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step CO5, collecting, by the primary-side standard trans-
former calibrator through the standard voltage trans-
former, a signal of the primary voltage outputted from
the booster;

step CO6, collecting, by the standard electricity-meter in

the standard electricity-meter calibrator through the
standard voltage transformer, another signal of the
primary voltage outputted from the booster;

step CO7, obtaining, by an error calculator in the standard

clectricity-meter calibrator, a signal of electric power
collected by the standard electricity-meter, and the
signal of electric power collected by the distribution
terminal of the primary-secondary pole-mounted
breaker through a communication interface; and calcu-
lating, by the error calculator, an error between the
clectric powers;

step CO8, obtaining, by the controller through the com-

munication interface, the signal of the primary voltage
and the another signal of the secondary current that are
collected by the primary-side standard transformer cali-
brator;

step CO09, obtaining, by the controller through the com-

munication interface, the error calculated by the stan-
dard electricity-meter calibrator; and

step C10, obtaining, by the controller through the com-

munication interface, a voltage signal and a current
signal that are collected by the distribution terminal of
the primary and second pole-mounted breaker.

14. The integrated detection method according to claim
12, wherein the step S32 comprises:

step DO1, controlling, by the controller, the relay protec-

tion tester to output the sequence of states for the
secondary voltage and the sequence of states for the
secondary current, based on the preset sequence of
states;

step D02, collecting, by the primary-side standard trans-

former calibrator through the standard current trans-
former, a signal of the secondary current outputted by
the first power source;
step DO03: amplifying, by the booster, the sequence of
states for the secondary voltage outputted by the relay
protection tester to acquire a sequence of states for the
primary voltage; and amplitying, by the high-current
generator, the sequence of states for the secondary
current outputted by the relay protection tester to
acquire a sequence of states for the primary current;

step D04, collecting, by the primary-side standard trans-
former calibrator through the standard voltage trans-
former, a signal of the primary voltage outputted from
the booster;
step D035, obtaining, by the controller through a commu-
nication mterface, the signal of the primary voltage and
the signal of the secondary current that are collected by
the primary-side standard transformer calibrator; and

step D06, obtaining, by the controller through the com-
munication interface, a telecommand signal collected
by the distribution terminal of the primary and second
pole-mounted breaker.

15. A method for an 1ntegrated test on a primary-second-
ary pole-mounted breaker, applied to the system according
to claim 4, comprising:

step S1, establishing an electrical connection between the

system and the primary-secondary pole-mounted
breaker;

step S2, establishing a communication connection

between the system and the primary-secondary pole-
mounted breaker;
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step S3, comprising:
applying, by the system, a voltage signal and a current
signal to the prnimary-secondary pole-mounted
breaker through the electrical connection, to generate
a voltage and a current on the primary-secondary
pole-mounted breaker; and
collecting, by the system, signals of the voltage and the
current fed back from the primary-secondary pole-
mounted breaker through the communication con-
nection; and
performing, by the system, an integrated accuracy test
and an integrated protection test; and
step S4, outputting a test result of the accuracy test and a
test result of the integrated protection test to the con-
troller.
16. The method according to claim 135, wherein the step
S1 comprises:
establishing a first electrical connection between a high-
voltage output electrical mterface of the system and the
primary side of the primary-secondary pole-mounted

breaker:;

establishing a second electrical connection between the
route-switching apparatus of the system and the output
of the secondary side of the primary-secondary pole-
mounted breaker; and
establishing a third electrical connection between the
route-switching apparatus of the system and the distri-
bution terminal of the primary-secondary pole-
mounted breaker.
17. The method according to claim 15, wherein:
the voltage signal and the current signal applied to the
primary-secondary pole-mounted breaker are stable;
the mtegrated accuracy test and the integrated protection
test comprise an accuracy test on the primary side, the
second side, and the integration of the primary side and
the second side;
the step S3 comprises:
connecting, by the route-switching apparatus, the out-
put of the secondary side of the breaker to the
primary-side standard transformer calibrator, in case

of the test on the primary side;
connecting, by the route-switching apparatus, the low-
voltage power source to the distribution terminal of
the primary-secondary pole-mounted breaker, 1n
case of the test on the secondary side; and
connecting, by the route-switching apparatus, the out-
put of the secondary side of the breaker directly to
the input of the distribution terminal of the primary-
secondary pole-mounted breaker, 1n case of the test
on the integration of the primary side and the sec-
ondary side.
18. The method according to claim 17, wherein the step
S3 comprises:
step EO1, establishing, by the controller through the
route-switching apparatus, an electrical connection
between the secondary side of the primary-secondary
pole-mounted breaker and the primary-side standard
transformer calibrator:;
step EO2: controlling, by the controller, the high-voltage
power source to output the secondary voltage and the
secondary current simultaneously, based on a preset
load point;
step EO3: amplifying, by the booster, the secondary volt-
age outputted by the high-voltage power source to
acquire the primary voltage; and amplitying, by the
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high-current generator, the secondary current outputted
by the high-voltage power source to acquire the pri-
mary current;

step E04: collecting, by the primary-side standard trans-
former calibrator through the standard voltage trans-

former, a signal of the primary voltage outputted by the

booster; and collecting, by the primary-side standard
transformer calibrator through the standard current
transformer, a signal of the primary current outputted
by the high-current generator;

step EO35, collecting, by the primary-side standard trans-
former calibrator, signals of the secondary current and
the secondary voltage that are outputted by the breaker;

step EO06: calculating, by the primary-side standard trans-
former calibrator, an error based on the collected sig-

nals; and sending, by the primary-side standard trans-
former calibrator, the error as a result to the controller,
to complete the accuracy test on the primary side;

step EO7/, establishing, by the controller, an electrical
connection among the low-voltage power source, and
the secondary-side standard transtormer calibrator, and
the distribution terminal of the primary-secondary
pole-mounted breaker;

step EO8, controlling, by the controller, the low-voltage
power source to output the secondary voltage and the
secondary current simultaneously, based on the preset
load point;

step EO9, collecting, by the secondary-side standard trans-
former calibrator, first signals of the secondary current
and the secondary voltage outputted by the low-voltage
power source; and

sending, by the secondary-side standard transformer cali-
brator, the collected first signals of the secondary
current and the secondary voltage to the controller;

step E10: collecting, by the standard electricity-meter
calibrator, second signals of the secondary current
signal and the secondary voltage signal outputted by
the low-voltage power source; and sending another
signal of electric power to the controller;

step E11: collecting, by the controller through a commu-
nication interface to the distribution terminal of the
primary-secondary pole-mounted breaker, a current
signal, a voltage signal and the signal of electric power
that are collected by the distribution terminal; and
comparing, by the controller, the current signal, the
voltage signal and the signal of the electric power that
are collected by the distribution terminal, with the first
signals sent by the secondary-side standard transtormer
calibrator and the another signal of electric power sent
by the standard electricity-meter calibrator, to calculate
an error and complete the accuracy test on the second-
ary side;

step E12, controlling, by the controller, the low-voltage
power source to output the secondary signal and the
secondary current simultaneously, based on a preset
wavelorm:

step E13, collecting, by the controller through the com-
munication 1terface, a telecommand signal outputted
by the distribution terminal of the primary-secondary
pole-mounted breaker, to complete a transmission test
on the secondary side;

step E14, establishing, by the industrial computer through
the route-switching apparatus, an electrical connection
between the primary-secondary pole-mounted breaker
and the distribution terminal of the primary-secondary
pole-mounted breaker;
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step E15, controlling, by the controller, the high-voltage
power source to output the secondary voltage and the
secondary current simultaneously, based on another
preset load point;

step E16, amplifying, by the booster, the secondary volt-
age outputted by the high-voltage power source to
acquire the primary voltage; and amplifying, by the
high-current generator, the secondary current outputted
by the high-voltage power source to acquire the pri-
mary current;

step E17: collecting, by the primary-side standard trans-

former calibrator through the standard voltage trans-

former, a signal of the primary voltage outputted by the

booster; collecting, by the primary-side standard trans-

former calibrator through the standard current trans-

former, a signal of the primary current outputted by the

high-current generator; and sending, by the primary-
side standard transformer calibrator, the signals of the
primary voltage and the primary current to the control-
ler;

step E18: collecting, by the controller through the com-
munication interface, the current signal and the voltage
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signal collected by the distribution terminal of the
primary-secondary pole-mounted breaker; and calcu-
lating, by the controller, an error to complete the
accuracy test on the integration;

step E19: controlling, by the controller, the high-voltage
power source to output the secondary voltage and the
secondary current simultaneously, based on the preset
wavelorm;

step BE20: amplitying, by the booster, the secondary volt-
age outputted by the high-voltage power source to
acquire the primary voltage; and amplitying, by the
high-current generator, the secondary current outputted
by the high-voltage power source to acquire the pri-
mary current signal;

step E21: collecting, by the industrial computer through
the communication 1nterface, the telecommand signal
outputted by the distribution terminal, to complete a
transmission test on the itegration; and

step BE22: outputting, by the controller, a result of the
accuracy tests and the transmission tests, to complete a
closed-loop test.
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